TABLES

INTRODUCTION
The Washington State legislature, in 1971, identified the shorelines of the State as being "among the most valuable and fragile of its natural resources" and expressed great concern regarding their utilization, protection, restoration, and preservation. Therefore, the legislature enacted the Shoreline Management Act of 1971 (hereafter referred to either as the Shoreline Management Act or the Act) and designated the Washington State Department of Ecology (Ecology) as the agency responsible for regulating the State's shorelines (State of Washington, 1971) . The reaches of streams and rivers that fall under the Act's jurisdiction must be defined in order for Ecology to properly administer the provisions of the Shoreline Management Act.
The Act designates separate regulatory criteria for streams and rivers. For southeastern Washington, the study area of this report ( fig. 1 ), the Act defines "shorelines" as stream reaches where the mean annual flow exceeds 20 ft 3 /s (cubic feet per second) and "shorelines of statewide significance" as river reaches where the mean annual flow is greater than 200 ft 3 /s or the drainage area is greater than 300 mi 2 (square miles), whichever results in a longer river reach. The location of the upstream boundary point for a stream or river is defined as the most upstream point where one of these criteria is met. 
Co lum bia River
Previous Investigations
The U.S. Geological Survey (USGS), in cooperation with Ecology, conducted a study in 1971 to determine the upstream boundary points on many streams throughout the State for which Ecology had regulatory responsibility (David H. Appel, U.S. Geological Survey, written commun., 1971). However, in 1990, Ecology decided that the upstream boundary points determined in the 1971 study needed to be updated for the following reasons.
1. The 1971 study did not include all streams that met the regulatory criteria.
2. The 1971 study did not determine upstream boundary points for shorelines of statewide significance.
3. In the 1971 study, if the regulatory discharge occurred upstream of certain political or jurisdictional boundaries, such as those for national forests, Indian reservations, and national parks, the Shoreline Management Act upstream boundary point was placed at the political or jurisdictional boundary.
4. The 1971 study determined upstream boundary points for the regulatory discharge of 20 ft 3 /s plus the standard error of the determining regression equations, rather than for just the regulatory discharge itself as in the current study.
5. Three additional decades of streamflow data collected since 1971 provide improved estimates of long-term average flow conditions.
The USGS, in cooperation with Ecology, began updating upstream boundary points in 1990. At the request of Ecology, the State was divided into the same 13 hydrologic regions that were used in the 1971 study. From 1990 through 1998, the USGS determined updated upstream boundary points for all northeastern and western Washington streams and rivers for which Ecology has regulatory responsibility (Kresch, 1998a, b).
Purpose and Scope
This report presents the results of the study to determine the upstream boundary points for the streams and rivers in southeastern Washington. The study area includes the five hydrologic regions located in southeastern Washington ( fig. 1) The report describes the analytical methods used to develop regression equations that relate stream discharge to precipitation and basin area, and to determine the locations of upstream boundary points through the use of these equations. A series of tables provides streamflow gaging-station records used in the development of the regression equations, regression equations and descriptive statistics, and the coordinates of the upstream boundary point locations, and both the boundary point locations and the boundaries of the drainage basins upstream from them are shown on a plate.
The regional boundaries for this study are, at the request of Ecology, the same ones used in the 1971 study. For region 3 (Mount Adams), only boundary points for streams located east of the Cascade Range crest and for the Muddy Fork of the Cispus River are included in this report. Upstream boundary points located west of the Cascade Range crest in region 3 were updated by the USGS during the western Washington study, with the exception of the Muddy Fork (Kresch, 1998b, p. 2). The Muddy Fork is the only "shoreline" stream in Yakima County that flows west from the Cascade Range, and the decision was made to include it in the southeastern study along with all other "shoreline" streams in Yakima County.
APPROACH
Most of the streams and rivers of interest in the study area do not have streamflow records (ungaged). Thus, a direct-measurement approach for determining upstream boundary points was not feasible because (1) the use of stream-gaging records to determine mean annual discharges would require continuous operation of a number of new streamflow gages on each stream over a period of years, (2) the locations at which to measure the streams would not be known beforehand, and (3) the cost of operating the large number of gages required would be economically impractical.
The most practical way to determine streamflow at ungaged sites is by transfer of information developed for gaged sites. A widely accepted approach uses multiple-linear-regression equations that relate streamflow to physical and climatic characteristics. The 1971 USGS study concluded that only drainage area and mean annual precipitation were needed in order to determine mean annual discharge at ungaged sites (David H. Appel, U.S. Geological Survey, written commun., 1971). The form of the regression equation developed for that study, and subsequently used for this study is:
(1)
The basin area (A) and precipitation (P) values are those for the drainage basin upstream of the point on the stream or river at which mean annual discharge (Q) is desired.
In the 1971 study, other independent variables (percentage of forest, mean drainage-basin altitude, and January minimum temperature) were considered, but did not significantly improve the accuracy of the equation in determining the boundary points. Also, including additional independent variables to equation 1 would make applying the equation more difficult because the required values for many additional variables are not readily available and would have to be determined for drainage basins upstream of the boundary points. The use of only drainage area and mean annual precipitation as independent variables in equation 1 is partially compensated for by dividing the study area into five hydrologically distinct regions. This results in the calculation of unique values for the constants a, b, and c in equation 1 for each region.
Basin areas needed for points in this study were determined using ARC/INFO TM , a geographic information system (GIS) software package. Drainagebasin boundaries were delineated manually on 7.5-minute topographic quadrangle maps and digitized into GIS coverages. Use of GIS for automatic delineation of drainage-basin boundaries was assessed during the western Washington study. In areas of low relief, basins determined by the GIS procedure differed by as much as 50 percent from those delineated manually (Kresch 1998b, p.6). Since much of southeastern Washington is of low relief, the manual procedure was selected for delineation of basin boundaries.
Mean annual precipitation for each basin area was determined from an GIS coverage of mean annual precipitation for Washington that was created and used to determine boundary points on northeastern and western Washington streams and rivers (Kresch, 1998a,b) . The coverage was generated by digitizing all the lines of equal mean annual precipitation on a U.S. Weather Bureau precipitation map of Washington (U.S. Weather Bureau, 1965) and then converting the digitized data into a grid coverage of point values. The precipitation map was developed using data for the period 1930 to 1957. The mean annual precipitation over a basin was calculated in GIS by averaging all the grid values that lie within the basin. Where part of a drainage basin extended into Oregon or Idaho, mean annual precipitation data from the Natural Resources Conservation Services and Oregon Climate Services (2002a,b) were used.
Q is mean annual discharge, in cubic feet per second, A is basin drainage area, in square miles, P is mean annual precipitation, averaged over the basin, in inches, and a,b,c are constants. 
DEVELOPMENT OF REGIONAL REGRESSION EQUATIONS
Records from 63 streamflow-gaging stations with at least 10 years of unregulated daily streamflow record were used to develop regression equations for determining mean annual discharge for streams and rivers in the five southeastern Washington hydrologic regions. The number of gaging stations used for each region ranged from 5 to 33. Values of mean annual discharge, mean annual precipitation, and basin drainage area for the gaging-station records are given in table 2 (at back of report), as well as summary statistics for each basin characteristic.
This study assumed there was no significant regulation or diversion at or upstream from the upstream boundary point. At the request of Ecology, this study used the same boundary locations for the Mount Adams region as were used in the 1971 study. In this study the Mount Adams region (region 3) shows the results for the eastern half of the Mount Adams region. In the 1996 USGS study (Kresch, 1998b) the Mount Adams region, called region 7 in that report, shows the results for the western half of the Mount Adams region. Both studies used the same gaging stations for developing the regression equation.
Values of the constants a, b, and c in equation 1 were determined for each region using logarithms of the values of mean annual discharge, basin drainage area, and mean annual precipitation for the gagingstation records in table 2. The regression equations for each region and their descriptive statistics are given in table 1. As an example, the coefficient of determination, R 2 , of the regression equation for region 1, the Upper Yakima region, is 0.997, which indicates that about 99.7 percent of the variation in the base-10 logarithm of mean annual discharge, Q, is explained by the regression equation. The standard error of estimate of the equation is ±0.034 log units. The standard error of the Upper Yakima equation, expressed in terms of discharge, ranges from -1.4 ft 3 /s (-7.0 percent) to +1.8 ft 3 /s (9.0 percent) for a mean annual discharge of 20 ft 3 /s and from -14 to +18 ft 3 /s for a mean annual discharge of 200 ft 3 /s.
The equation for the Upper Yakima region had the lowest standard error, which, for a regression estimate of 20 ft 3 /s, ranged from -7 to +9 percent. The equation for region 4, the Columbia Basin to Palouse region, had the highest standard error, and for a regression estimate of 20 ft 3 /s the accuracy ranged from -36 to +55 percent (table 1). The coefficient of determination, R 2 , of the regression equations ranged from 0.953 to 0.997, and the standard errors of the equations ranged from 0.034 to 0.188. The corresponding potential errors in the accuracy of 20 ft 3 /s discharges determined from these equations ranged from less than 1.8 ft 3 /s for region 1 to as much as 10.9 ft 3 /s for region 4. The approximate error in a boundary point location can be obtained from equation 1 and the estimated errors in discharge. All that is required is to replace the variable Q with Q error , the standard error of estimate of regression equation 1, in cubic feet per second, and the variable A with W*L error , where W is average basin width, in miles, in the vicinity of the boundary point and L error is the error in the boundary point location. When solved for L error , the result is equation 2. This equation provides only a rough estimate of the actual error because it is difficult to estimate the average basin width precisely and because it assumes that the stream course is perpendicular to the basin width, which may not be true.
(2)
Using the Upper Yakima region as an example, the approximate error in location of the upstream boundary points for shorelines was determined for a drainage basin with a mean annual precipitation (P) of 80 inches and an average basin width (W) of 2 miles in the vicinity of a boundary point. The regression equation constants are a=0.00828, b=0.975, and c=1.48 (table 1) . The estimated possible error in the location of the boundary point would range from 0.16 mile upstream, corresponding to an error in discharge of -1.4 ft 3 /s, to 0.12 mile downstream, corresponding to an error in discharge of +1.8 ft 3 /s. The error in location of the upstream boundary points of shorelines of statewide significance would be calculated using errors in discharge of -14 ft 3 /s and +18 ft 3 /s. Equation 2 is applicable only to those locations where inflow in the vicinity of the boundary point increases approximately linearly along the stream reach. Actual possible errors for boundary points that are located at the confluence of two or more streams normally will be less than those calculated by equation 2.
DETERMINATION OF UPSTREAM BOUNDARY POINT LOCATIONS
The following steps were used to determine the location of each upstream boundary point.
1. A trial point was selected as an initial estimate of the location of the boundary point on the stream or river.
2. The drainage-basin boundary upstream of the trial point was manually delineated on a 7.5-minute topographic quadrangle map.
3. The basin boundary was digitized into an GIS coverage.
4. GIS programs were used to determine the basin area contributing streamflow to the trial point and the mean annual precipitation over the basin.
5. The basin area and mean annual precipitation were entered into the regional regression equation to determine the mean annual discharge at the trial point.
6. Steps 1-5 were repeated at upstream or downstream trial points until the calculated discharge was within 1 percent of either 20 ft 3 /s (±0.2 ft 3 /s) for boundary points of shorelines or 200 ft 3 /s (±2 ft 3 /s) for boundary points of shorelines of statewide significance.
7. The point on a river at which the mean annual discharge was determined to be 200 ft 3 /s was designated as the upstream boundary of the shoreline of statewide significance for the river unless the corresponding drainage area at that point was greater than 300 mi 2 . In the latter case, steps 1-4 were repeated at upstream trial points until the location of the point having a drainage area of 300 mi 2 was determined. That point was designated as the upstream boundary point for the shoreline of statewide significance.
Determination of Upstream Boundary Point Locations 7
There are two conditions for which the discharge at an upstream boundary point may not be equal to a regulatory discharge. The first is if an upstream boundary point occurs at the confluence of two or more streams, and the second is if an upstream boundary point occurs at either the inlet or outlet of a lake.
If the discharge of each of two or more confluent streams is less than the regulatory discharge but their combined discharge at the confluence is equal to or greater than the regulatory discharge, then the upstream boundary point would be placed at the confluence. For example, if two confluent streams each have discharges of 19 ft 3 /s, then the upstream boundary point would be placed at the confluence and the discharge at that point would be greater than the regulatory discharge.
If the discharge from a lake's outlet exceeds the regulatory discharge and the discharge of the lake's largest inflow is less than the regulatory discharge, then the location of the boundary point depends on the nature of the inflow to the lake. If the inflow originates from two or more separate streams and each stream has a discharge of less than the regulatory discharge, then the upstream boundary point would be placed at the lake outlet and the discharge there would exceed the regulatory discharge. However, if the inflow to the lake is primarily from a single stream with a discharge of less than the regulatory discharge, then the upstream boundary would be placed at the lake inlet and the discharge at that point would be less than the regulatory discharge. For example, the upstream boundary point for a lake fed by three inflow streams that have discharges of 5, 11, and 18 ft 3 /s would be placed at the outlet of the lake and the stream discharge at that point would be more than the regulatory discharge. However, if a lake is fed primarily by only a single stream with a discharge of 17 ft 3 /s, and the computed discharge at the lake's outlet is greater than 20 ft 3 /s, then the upstream boundary point would be placed at the mouth of the inflow stream.
Boundary point locations determined on streams or rivers for which gaging-station records were available were adjusted, if necessary, on the basis of comparisons with those records. For example, if the upstream boundary determined by the appropriate regression equation for a 20 ft 3 /s point was found to lie either downstream from a gaging station with a mean annual discharge of more than 20 ft 3 /s or upstream from a gaging station with a discharge of less than 20 ft 3 /s, then the boundary point location would need to be adjusted. The adjusted location was found by calculating an adjusted discharge and then determining the upstream boundary corresponding to that discharge. The adjusted discharge was obtained by multiplying the regulatory discharge of either 20 ft 3 /s or 200 ft 3 /s by the ratio of the discharge calculated by the appropriate regression equation for the gaging-station basin divided by the published mean annual discharge for the basin.
The only boundary point locations that were adjusted in this manner were for sites 120, 129, and 137. The adjusted discharge used to determine the locations of these sites (4.7 ft 3 /s) was determined on the basis of the ratio of the regression discharge (26 ft 3 /s) to the published discharge (110 ft 3 /s) at streamflow-gaging station 12508500 located downstream on Satus Creek.
A total of 149 streams was identified in southeastern Washington that meet the 20 ft 3 /s regulatory criterion. The locations of the upstream boundary points on these streams and the drainage boundaries of the basins upstream from all except one are shown on plate 1. No drainage-basin boundary is shown for Rock Ford Creek in Grant County (site No. 20) because the upstream boundary point is located at Rocky Ford Springs, the source of the creek. The mean annual discharge of the springs is believed to be significantly greater than 20 ft 3 /s because the mean annual discharge for streamflow-gaging station 12470500, located 1.4 miles downstream from the springs, is 73.7 ft 3 /s. Latitude-longitude and Universal Transverse Mercator grid coordinates for the 149 boundary points are given in table 3 (at back of report). Upstream boundary points were not determined for any of the streams in Benton and Adams Counties because none of the streams in those counties have mean annual discharges that exceed 20 ft 3 /s.
A total of 22 upstream boundary points were determined for rivers having shorelines of statewide significance in southeastern Washington. The locations of the upstream boundary points and the drainage boundaries of the basins upstream from them are shown on plate 1. Coordinates for these upstream boundary point locations are given in table 4 (at back of report).
SUMMARY
The Washington State Department of Ecology (Ecology) is responsible for regulation of the shorelines of the State, as mandated by the Shoreline Management Act of 1971. Implementation of the portion of the Act that deals with stream and river shorelines requires a knowledge of the locations of upstream boundary points where specific regulatory criteria are satisfied.
The U.S. Geological Survey (USGS), in cooperation with Ecology, conducted a study in 1971 to determine the upstream boundary points for many of the stream reaches in the State. Ecology decided to update the 1971 study, beginning in 1990, because in the 1971 study the determination of boundary points for streams located within certain political boundaries and for rivers of statewide significance were omitted, the regulatory discharge plus the standard error of the regression was used to determine boundary point locations, and the three additional decades of streamflow data collected since 1971 provide improved estimates of long-term average flow conditions. From 1990-98 the USGS, in cooperation with Ecology, updated boundary points for streams and rivers in northeastern and western Washington, and in this report updated boundary points were determined for the streams and rivers in southeastern Washington.
Upstream boundary point locations where the mean annual discharge is 20 cubic feet per second were determined for 149 streams in southeastern Washington. In addition, upstream boundary point locations where the mean annual discharge is 200 cubic feet per second or the drainage area is 300 square miles were determined for 22 rivers in southeastern Washington. Boundary point locations were determined by application of multiplelinear-regression equations that relate mean annual discharge to basin drainage area and mean annual precipitation averaged over the basin.
Drainage-basin boundaries were manually delineated on 7.5-minute topographic quadrangle maps and digitized into geographic information system (GIS) coverages. A GIS coverage of mean annual precipitation, created by digitizing lines of mean annual precipitation from a 1965 U.S. Weather Bureau map, was used to determine the mean annual precipitation within each digitized drainage basin. Mean annual precipitation data from the Natural Resources Conservation Services and Oregon Climate Services were used for the portions of drainage basins that extended into Oregon or Idaho.
Southeastern Washington was divided into five hydrologically distinct regions and a separate regression equation was developed for each region. The regression equations are based on data from gaging stations with at least 10 years of record. The number of stations used in the regression analysis for each of the five regions ranged from 5 to 33. The coefficient of determination, R 2 , of the regression equations ranged from 0.953 to 0.997. The Upper Yakima region had the equation with the lowest standard error, and for a regression estimate of 20 ft 3 /s, the error ranged from -7 to +9 percent. The Columbia Basin to Palouse region had the equation with the highest standard error, and for a regression estimate of 20 ft 3 /s, the error ranged from -36 to +55 percent.
The approximate error in the location of an upstream boundary point can be calculated from the mean annual precipitation and the average basin width in the vicinity of the boundary point. The approximate error gives only a rough estimate of the actual error in a boundary point location, because it is difficult to estimate the average basin width precisely, and because it assumes that inflow in the vicinity of the boundary point increases approximately linearly along the stream reach. 
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